Methods: Before (PRE) and after (POST) the race (330-km, 4 24000 D±), profiles of vastus lateralis muscle oxygenation 5 (i.e., oxyhaemoglobin, [O 2 Hb], deoxyhaemoglobin, [HHb], and 6 tissue oxygenation index [TOI]) and O 2 uptake ( O 2 ) were 7 determined in 14 athletes (EXP) and 12 control adults (CON) 8 during two 4-min constant-load cycling bouts at power outputs 9 of 1 (p1) and 1.5 (p1.5) W·kg -1 performed in randomized order. 10
Ultratrails (UT) typically involve running a long distance over 35 a course with extreme changes in elevation. [1] [2] [3] In the last 40 36 years, there has been an exponential growth of participation in 37 UT events 4 and research conducted to date has shown that the 38 energy demand is at the extremes of human tolerance. 9 Indeed, during dynamic 47 exercise, muscle oxygenation increases to meet the demands of 48 the working muscles. 10 Thus, given the importance of blood 49 flow to muscle metabolism, any alteration in muscle 50 oxygenation would increase the development of fatigue. To date, few studies have evaluated the effects of fatigue on 62 muscle oxygenation response after prolonged running exercise. 63
For instance, Sear et al. 13 showed a ~56% increase in muscle 64 oxygenation in the vastus lateralis after a 45-min high-intensity 65 intermittent running protocol in subjects wearing whole-body 66 compression garments. Vercruyssen et al.
14 observed a ~60% 67 increase in oxygen uptake of the vastus lateralis after a 15.6-68 km trail run (825 m of D±). 69
Running has always been defined as a stretch-shortening 70 exercise, where the preactivated muscle is first stretched 71 (eccentric action) and then shortened (concentric action). 15 UT 72 presents significant challenges and runners need to combine a 73 variety of activation patterns and types of muscle contraction 74 (concentric and severe eccentric loads) 8 as they continue along 75 the trail. Recently, Giandolini et al. 16 showed that a 6.5-km 76 downhill trail running bout with 1264 m of altitude drop 77 induced muscle alterations similar to those induced by UTs. Subjects underwent two test sessions: the first was performed 138 1-2 days before the eUT (PRE) and the second immediately 139 after the eUT (POST). Shortly after the subjects had crossed the 140 finishing line, they were brought by car to the laboratory (~1 141 km away). The time between the finishing the race and POST 142 evaluations was approximately 25 min. PRE and POST tests 143 were organized in a similar fashion, and the timing of the 144 measurements was nearly identical for both groups. On arrival 145 at the laboratory, the subjects' body mass was measured to the 146 nearest 0.1 kg using a digital scale (Model HF8000, Philips, 147
Eindhoven, The Netherlands) to determine the cycling 148 workload. Skinfold thickness of the vastus lateralis muscle area 149 F o r P e e r R e v i e w 9 (see 'Near-infrared spectroscopy' section) was measured using 150 a skinfold caliper (Holtain Ltd., Crymmych, UK) and divided 151 by two to determine the adipose tissue thickness (fat + skin 152 layer) covering the muscle. Table 1 presents the tissue  153 thickness values, all of which were below the 1.5 cm necessary 154 to allow the NIRS photons to penetrate through to the muscle. 19 
155
The subjects were then seated comfortably while the NIRS 156 optodes were positioned and secured on the leg (see 'Near-157 infrared spectroscopy' section). The laser diodes were activated 158 approximately 15 min before beginning the cycling exercise 159 protocol to ensure that the diodes had reached optimal working 160 temperatures. After this period, the subject moved to a cycle 161 ergometer (Lode Excalibur Sport, Lode, Groningen, The 162 Netherlands) and was instrumented for pulmonary gas 163 exchange assessment. The NIRS system was initialized while 164 the subject rested quietly on the ergometer with the legs relaxed 165 and still. When a steady baseline signal was achieved, the 166 system was again zeroed and all subsequent changes in NIRS 167 signal intensity were made relative to this resting value. The 168 NIRS signal was monitored continuously for the remainder of 169 the test, with no further adjustments being made to the NIRS 170 system zero value. The exercise protocol consisted of two 4-171 min constant-load exercise bouts at power outputs of 1 (p1) 
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The current best record for the race is 70h 04min 15s and the 272 average time of the study participants was 129h 54min 54s 273 (range: 110h 47min 23s to 147h 58min 42s; ranking: 37 th to 274 325 th ). There were no differences in height, body mass, body-275 mass index, adipose tissue thickness or cycling workload 276 between EXP and CON, nor between PRE and POST in EXP 277 (Table 1) . 278 279
Near-infrared spectroscopy 280
The vastus lateralis muscle deoxygenation profiles for a 281
representative EXP subject are presented in Figure 1a PRE and POST data showed a significant increase in both 293 absolute (p1, +16.0%, P = 0.03; p1.5, +24.6%, P < 0.001) and 294 normalized (p1, +38.0%, P = 0.04; p1.5, +27.9%, P < 0.001) 295 responses during the test protocols are presented in Table 2 . 324 E, V T , f R , and HR were similar in both groups at PRE. EXP 325 showed a trend toward increased ventilation, albeit not 326 significant, between PRE and POST during both p1 (+5.0%, P 327 = 0.3) and p1.5 (+4.5%, P = 0.5). EXP showed higher E 328 responses compared to CON at POST at both power outputs (P 329 < 0.05). Breathing pattern responses (V T and f R ) during p1 and 330 p1.5 were significantly different between PRE and POST in 331 EXP. At p1, V T decreased by 8.8% (P = 0.01) and f R increased 332 by 18.0% (P = 0.007); whereas at p1.5, V T decreased by 8.5% 333 (P = 0.01) and f R increased by 15.9% (P = 0.02). EXP showed 334 lower V T (P < 0.01) and higher f R (P < 0.001) during both 335 conditions compared to CON at POST. In EXP, HR increased 336 deoxygenation between the two conditions was noted (Figure  374 2). This observation is consistent with previous studies 23, 25 375 which showed that ∆[HHb] increases in an exercise intensity-376 dependent manner, implying that the magnitude of the release 377 of O 2 by oxyhaemoglobin for aerobic energy production was 378 higher during exercise at p1.5 than at p1 even in a fatigued 379 state. Our data also demonstrate a significant decrease in the 380 rate of the muscle oxygenation during both conditions after the 381 eUT ( Figure 2) . Furthermore, TOI represents a dynamic 382 balance of O 2 consumption and delivery. 21 The observed 383 decreased in the TOI data (Figure 4) The authors wish to thank the subjects for their willingness to 481 participate in the study, especially during the test sessions in 482 
17.
Davies Table 2 . Changes in the pulmonary gas exchange parameters 607 for experimental (EXP, n = 14) and control (CON, n = 12) 608 groups before (PRE) and after (POST) the race. Average changes in deoxyhemoglobin concentration (∆[O2Hb] ) in absolute (µM) and normalized (%) values during cycling at p1 (1 W·kg-1) and at p1.5 (1.5 W·kg-1) in the athletes (EXP) and the control (CON) groups before (PRE) and after (POST) the race. Standard deviations were omitted for clarity. * Significantly different from the corresponding PRE value (P < 0.05). ‡ Significantly different as compared with CON (P < 0.05). # Significantly different from the corresponding p1 value (P < 0.05).
§ P < 0.01, significant group × time interaction. 177x127mm (300 x 300 DPI) F o r P e e r R e v i e w
Average changes in deoxyhemoglobin concentration (∆[HHb] ) in absolute (µM) and normalized (%) values during cycling at p1 (1 W·kg-1) and at p1.5 (1.5 W·kg-1) in the athletes (EXP) and the control (CON) groups before (PRE) and after (POST) the race. Standard deviations were omitted for clarity. * Significantly different from the corresponding PRE value (P < 0.05). ‡ Significantly different as compared with CON (P < 0.05). # Significantly different from the corresponding p1 value (P < 0.05).
Changes in tissue oxygenation index (TOI) during the first (1 W·kg-1) and second (1.5 W·kg-1) workload for athletes (EXP) and control (CON) group before (pre) and after (post) the race. Standard deviations were omitted for clarity. * Significantly different from the corresponding pre value (P < 0.05).
‡ Significantly different compared to CON (P < 0.05). # Significantly different from the corresponding 1 W·kg-1 value (P < 0.05).
§ P < 0.01, significant group × time interaction. 177x127mm (300 x 300 DPI)
